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Figure 1h: An error in the curve for Model Cp, = O.4 has been corrected

in the figure below, which should replace figure 1l in the published
copy of this paper. This revision 1n no way affects the results or
conclusions presented.

dC Model G =0.4-—"\ | P

Airplane C_ = 0.25 to 0.80

.6 ¢ .8 9 LO u L2
"Mach number, M -

Figure 14 - Comparison of dcm/dCL obtained between

model and airplane. Center of gravity at .236 MAC.
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OF A 518--SCAIE MOTEL OF

THE BELIL: X-1 ATRPLANE WING-FUSELAGE COMBINATION

TRANSONIC-BUMP METHOD

By Vernard E. Lockwood
SUMMARY

An invegtigation was made to determine the latersi-control
characteristics and the pltching-moment characteristica of a é%u-scale

model of the X-1 wing-fuselage conflguration. The tests were msde 1in
the transonic speed range from & Mach nmumber of 0.60 tc 1.15 in the
Langley high-speed T7- by 10-foot tunnel wutilizing the transonic bump.
Comparlisons are included between available flight deta and wind-tunnel
results. .

The results of the lateral-control investigetion showed that the
rolling effectiveness varied with Mach number in & menner similar to
the flight-test results at Mach numbers between 0.6 and 1.06. There
were differences, however, in the absolute values which might be
accounted for in part by the gap conditions at the nose of the aileron;
the aileron of the model is sealed, whereas that of the alrplane is
unsealed. = The measured slopes of the pitching-moment curves of the
model also varied with Mach nurber in a manner similsr to that obtained
on the aeirplane. There were differences in the absolute values of the
slopes but the data from the model were not directly comparsble with
the data from the airplane.

INTRODUCTION

An investigation was made at transonic speeds to determine the
lateral-control and pitching-moment characteristics of a ééu-scale model
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of the X-1 wilng-fuselage combination using the transonic-bump technique.
The investigation was made for the purpose of correlating with flight
data. In the investigation the alleron effectiveness, damping in roll,
1ift, pitching moments, and. wing bending moments of the model were
determineqd.

Two eimilar wing models were used in the inveatigation, having an
aspect ratic af 6.0, taper ratic 0.5, and anh unswept L4O-percent-chord
line. The wings had NACA 65-108 airfoll sections and a twist distri-
butlon corresponding to 1° of washout. One wing was constructed with
a8 15-percent-chord slleron and the other, with an additional twist
with linear variation from root to tip corresponding to 4.72° of washin
gt the tip. Damping-in-rocll characteristics were obtained on the
assumption that the damping moment of a rolling wing would be equal
to the rolling moment produced by the addition of linear twist along
the sgpan.

The gileron rolling effectlveness has been calculated and a
comparison with flight data is given up to a Mach number of 1.06.
Comparisons of the plitching-moment characteristica end lateral centers
of pressure with flight data are also included. .

CCEFFICIENTS AND SYMBOLS

Cr, 1lift coefficient (Twice 1ift of semispan model/qS)

Cm piltching-moment coefficient referred to 0.25C
(Twice pitching moment of semispan model/qSC)

Cp bending-moment coefficlent about root-chord line at plane
of symmetry (Root bending moment/ )
Cq rolling-momeut coefflclent about root-chord line at plane
of symmetry (Rolling moment/qSb) -
Cia increment in rolling-moment ccefficlent caused by B
deflection of asileron at a gilven angle of attack
) Czaileron deflected Cl&ﬂeron undeflected
CT’P demping-in-roll cocefficient
. - s
<_2<Cztwisted wing Cluntwisted wing)pb)
S twice wing area of semlspan model, 0.165 square foot

STl
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twice span of semispan model, 1.000 foot
twice gpan of wing outside of fuselsge
mean aerodynamic chord of wing, O0.1X71 foot; based on

f2

relstionship -S— c2dy (using theoreticel tip}
o}

local wing chord

spanwise distance fram plane of symmetry

spaenwise distance from fuselsge

effective dynesmic pressure over span of model,
pounds per square foot <%‘-DV2

alr density, slug per cubic foot

free-stream velocity, feet per second

effective Mach number over span of model

Jocal Mach number

" average chordwise local Msch number

Reynolds number of wing besed on €

angle of attack, referred to wing root-chord line,
degrees

glleron deflection, positive when trailing edge is down,
degrees

wing-tip helix angle, radiéns

-rate of roll corresponding to a given slrspeed,
radians per second - '

MOIDET., AND APPARATUS

1

The investigetion was performed on a 28 scale semlispan model of

the X-1 airplane wing-fuselage combination. In this investigation two
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wing models were used, one to obtaln the aerodynamic characteristics in
pitch and the ailleron effectiveness, and the other, to determine the
damping-in-roll coefficient. The detaile of the basic wing-fuselage
combination are shown in figure 1.

The aileron of the control model was sgimulated by cutting the
steel wing at the proper spanwise stations from trailing edge to
aileron hinge line (85-percent-chord line) and cutting grooves of
32 -inch width along the hinge line on both the upper and lower
.gurfaces of the wing as is shown in the typical section of figure 1.
The deslred ailercon deflection was obtalned by bending at the aileron
hinge line. The grooves were falred over with wax to eliminate bresks
in the airfoil contours, thus similating & plein sesled alleron. .

The damping-in-roll wing was twisted so as to provide an additionsl
angle-of-attack distribution which varied linearly along the span of the
model. The measured twist i1s shown in figure 2 and corresponds to 4.72°
of washin at the tip. (It should be noted that the basic model had 1°

of washout.)

The half fuselsge used 1n the investigation was made of brass and
wag bent to conform toc the bump contour as shown in figure 1. The
wings were interchangeshle on this fuselege. The ordinstes of the
fuselage, which 1s a:cylinder of revolution, are given in table I.

A five-component balance of the strain-gage type was installed
beneath the surface of the bump and measured forces and moments with

respect to the wind axes.
TESTS

The models were tegted in the lengley high-speed T- by 10-foot
tunnel utilizing the flow field over the transonic bump to obtain
Mach mubers from 0.6 to 1.15. Typical contours of local Mach number
in the vicinity of the model location on the bump are shown in figure 3.
It is seen that there was a Mach mmber varlation of sbout 0.08 over the
model semispan at low Mach numbers and sbout 0.12 at the highest test
Mach numbers. The chordwilise Mach number variation was generally less
than 0.02. No attempt has been made to evaluste the effects of this
chordwise and spanwise Mach number variation. The effectlve test —
Mach number was obtained fram contour charts similar to those presented

in figure 3 using the relatlonship.
b/2.
cMg &y
O
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The varlation of mean Reynolds number wilth test Mach number is
shown in figure 4. The boundaries in the figure are an indicetion of
the probable range in Reynolds mumber caused by variatlons in atmos-
pheric conditlons in the course of the investigation.

Reflectlion-plane correction factors, which account for the carry-
over of load to the other wing, hawe been applied to the aileron data
and the damping-in-roll data. The correction factors, which are 0.87
for the aileron data and 0.89 for damping-in-roll data, were determined
by using span loadings obteained from reference 1. The varliation of
these correction tactors with Mach number is not kmown dbut it is thought
that the correction approaches zero at a Mach number of 1.0. The error
caused by neglecting the effects of Mach number on the reflectlon-plane
correctlions, however, is alleviated somewhat if the damping-in-roll and
aileron-effectiveness date are used in conjunction with each other.

The tests were conducted at constent values of o and & from a

Mach number of 0.60 to 1.15. Alleron deflections of 0°, 6°, and +12°
were investigated. The angle of attack was varied from 0° to 10°
in 2° increments. ’

RESULTS AND DISCUSSION

The results of the investlgation are presented in the followlng
figures:

Filgures

Aerodynamic characteristics inpitch . . . ¢« . . ¢ . ¢ ¢« + & &« . . 5
Alleron characteristics . « v v « ¢ 4 4 4 4 4 s e . e e .. .6, T
Damping-in-roll characteristics . . . . . .. . . .. .. .. 8,9, 10
Estimated rolling effectiveness . . .« . ¢ ¢ ¢ v ¢ ¢ ¢ ¢ ¢ & ¢ « 11
Summary data:

Lift-curve B8lODEB « « « « « « ¢ o o & o « e o s o o o« o « o » 12

Pitching-moment characteristics . . . . . « . « « « . . . 13, 14, 15

Lateral centers Of PreSsuTe . . « « « « « + o« o s ¢ « o + + « « 16

Leteral -Control Characteristics

The summery of aileron characteristics (fig. 7) shows ‘that the
aileron effectiveness was considerghly affected by angle of attack and
Mach number. The aileron effectiveness generally decreased wlth Mach
number sbove M = 0.8; however, the effects were more pronounced at
the lower angles of attack than st the higher angles. For example,

a large loss in effectiveness occurred between M = 0.90 and M = 0.95

e e . S, ML WY -‘—. -_“-
. g 0 LI B S AN s, Y e ™y
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for o = 29, whereas at o = 6° the loss was small in comparison.
These ‘characteristics result in showlng lncressing values of Czaa

with increase of o at M= 0.92 or above, whereas at lower Mach
numbers, 018 decreases with angle of attack.
a .

The alleron effectliveness obtalned agrees falrly well with low-
speed dsta on the X-1 1lO-percent-thick wing (unpublished data) as shown

in Pigure T.

In addition to the alleron effectliveness Czaa, the damping-in-roll

coefficlent of a wing CZP must be known before estimations can be

made of the alrplane rate of rcll. The difference 1n rolling moments
of the untwisted wing and the twisted wing, of which figure 8 is
typical, 1s a measure of the demping. The assumption 1s made that the
demping moment of a steasdy rolling wing will be equal to the rolling
moment resulting from a linear varlation of twist along the span. The
damping-moment coefficient in roll 1s therefore: _

_ /2
Cip = —2<5%>(0-87)(Cltwisted - Cluntwisted)

where the additional wing twist represents a pb/2V of 0.0825 radians
and 0.87 is the reflection-plane correction factor.

A comparilson of the theoretical values of Czp obtalned from

reference 2 with the experimentsl results shows good agreement up

to M = 0.85, figure 9. The damping in roll remained fairly high
throughout the Mach number range and, as might be expected, varied
in & manner gimilar to lift-curwve slope. The similarity is apparent
in figure 10 where the ratio of Cr, or Czp at sny Mach number to

its respective value at a Mach mumber of 0.6 is given.

An egtimation of the rolling effectiveness of the ailleron-wing
configuration is glven in figure 11 using the alleron effectiveness
and damping in roll experimentally determined. A comparison 1s also
given with the flight results from references 3 and 4 up to a Mach
number of 1.06. The flight data are on a 10-percent-thick wing. The

egtimated values of g%/&a are greater than the flight values but the

varistion of E%/Sa with M 1is similar.

gl
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A considersble part of the difference In the values of E%JSa

obtained on the model and the airplane may be the result of the gap
conditions at the nose of the aileron. The aileron of the alrplane is
unsealed, whereas the model aileron is effectively sesled. From previous
investigations at low Mach nmumbers it i1s known that an unsealed sileron
" gives less effectiveness than a sealed alleron. Reference 5 shows that
an aileron of corresponding size would be only 65 percent as effective
as & sealed alleron. If this factor were gpplied to the wind-tunnel
data, the agreement with flight data would then be relstively good at
subsonic Mach mmbers. There is also evidence, reference 6, that a
difference in effectiveness exists al supercritical Mach mmbers,
although these data are for a swept wing with a circular-arc airfoll
section.

A smell part of the difference in %’%/sa between flight and wind-

tunnel data may alsc be attributed to wing flexure, and a minor part,
to aileron contour. Aileron deflection causes a torsional moment that
tends to twist the wing, resultling In reduced rolling effectlveness.
The airpleme wing would twist more than the very rigld, sclid, steel
wing. It has been estimsted from reference 7 that a reduction factor

of 3% percent should be applied to the tunnel data at M = 0.80 for

correspondence with flight conditions. The model has a true combour
alleron with a cusp and may have had slightly greater effectlveness
than the flat-sided aileron on the airplane.

Aerodynamic Characteristice in Pitch

The l1ift-curve slopes obtained from the data of the present
Investigation, figure 5, are compared with those obtained from other
sources in figure 12. The agreement of 1ift-curve slopes obtalned
between the model of the present investigatlon and some unpublished

data on a ﬁ%u-scale bump model 1s excellent. In the subsonic speed

range the experimental 11ft-curve slopes also agreed very well with
theoretical slopes cobtained from reference 2., A point from an

investigation of a %n-scale model (1lO0-percent-thick wing) at M = 0.35
(unpublished data) is included in figure 12 for comparison.

The variation of dCp/dCy, with Mach number ghown in figure 13 for

the model wing-fuselage combination is large and irregular, especially
at low 1ift coefficients. The data, which are for a center-of-gravity
location of 25 percent mean serodynamic chord, show a rearward shift

of the aerodynamic center from 15 to 20 percent of the mean serodynemic

-SRIl
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chord between Mach numbers of 0.60 to 1.05. A forward shift of the
aerodynamic center occurs between a Mach number of 0.85 and 0.88 for
e Cp, = 0. At 1ift coefficients in the normal operating range of the

airplane (CL = 0.20 or above) the tendency for the forward shift is
not evident.

A comparison of de/dCL from the present investigation with

the results of unpublished flight tests at the NACA High-Speed Flight
Research Station at Edwards Air Force Base, Calif., on the 8-percent-
thick wing is presented in figure 1k. These data show that the vari-
tion of dCp/dC;, with Mach mumber from the model was similar to that
obtained with the asirplame. There was, however, a considerable differ-
ence in asbsolute magnitude of de/BCL ‘between model snd airplane.

The results are not directly compareble because the flight data are
given for a lift coefficient which varies from values of 0.25 to 0.80,
vhereas the wind-tunnel data are for a 1lift coefficient of 0.40. Part
of the difference in dCp/dCy, may be sttributed to experimental

accuracy. The probable accuracy of deijL for the wind-tunnel

data is 10.02. The accuracy of the flight data eppears to be less,
particularly near a Mach number of 0.9 where there 1s a large scatter
in the data. = . L e e el R

A comparison of the tail-off pitching-moment coefficients is given -

in figure 15 between the model of the present investigstion and the
flight results on the 8-percent-thick wing, reference 8. The tail-off
pltching-moment coefflclents of the alrplane were calculated from the
horizontal-tail loads messured in flight for a center of gravity which
varied from 22.1 to 25.3 mean aerodynsmic chord. The pivot point of
the model was at 25 percent mean aerodynsmic chord. The model results
are in good agreement with flight results as to the variation of
pltching-moment coefficlents with Mach number, but the values of Cpy
for the wind-tunrel data are considersbhly more hegative. Part of the
difference might be attributed to the plitching moments caused by the

dreg of the empennsge. o . ] ] L

The lateral center of pressure of the wing-fuselage combination
remained fairly close to the 4O-percent-span station throughout the
Mach number range tested as is shown in figure 16. Unpublished data
from flight tests at the NACA High-Speed Flight Research Station
at Edwards Alr Force Base, Calif., gave a lateral center of pressure
of 42 percent span for the airplane based on the wing outside of the
fuselage 1n contrast to the model dats which are given ebout the wing
center line. The alrplane data were determined from strain gages
mounted on the wing near the wing-fuselage juncture.

-
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CORCLUSIONS

The results of wind-tunnel tests of a-ég-—scale model of the

. X-1 girplane to determine the lateral-control characteristics and
the aerodynemic characteristics in pitch of the wing-fuselage configu-
ration at trensonlc speeds indicated the following conclusions:

1. The estimated varistion of rolling effectiveness with Mach
number was similar to that achieved in flight on a 10-percent-thick
wing, although the flight data showed lower effectiveness. A consider-.
ghle part of the difference might be caused by the gap conditions at
the nose of the gilleron; the alleron of the model 1s sealed, whereas
that of the airplane 1s unsegled. A large loss of alleron effective-
ness, which was most pronounced for a low angle of eabttack, occurred
between Mach numbers of 0.90 and 0.95. At subsonic Mach mubers the
deamping in roll obtained experimentally was in good agreement with
theoretical results. The demping coefficient showed a variation with
Mach nmumber similar to that obtained with the Ilift-curve slope.

2. The slopes of the wing-fuselage pitching-moment-coefficient
curves varled with Mach number in a menner similar +o that obtained
on the airplane. There were differences in the values of the slopes
but the data were not directly comparable because the actual value of
the girplane 1ift coefficlents were unknown.

Lengley Aeronautical Leboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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FUSELAGE ORDINATES

r

TABIE T

X Y

0.0 0.0
.357 .182
.71k .337
1.071 71
1.429 .585
1.786 .683
2.143 765
2.500 .833
2.857 .888
3.214. .929
3.571 959
3.929 .976
L. 286 .982
5.357 .982
5.71% .981
6.07L .978
6.429 .973
6.786 .965
T.143 954
7.500 .9ko
7-857 .922
8.21L .900
8.571 875
8.929 .8h7
9.286 .807
9.643 . 782
10.000 .Th6
10.357 . 704
10.714 .658
11.071 .609
11.429 557
11.786 .502
12.143 A5
12.500 .386
12.857 .325
13.21k .263
13.286 .250
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Tabukted Wina Data

- Q Areaf fwice semispan) 065 sqft

% Mean aerodyramic chord 0171 11 .
boe o P Aspect ratio 60
_él_\_;__)_ % Taper ratio 05
Section A-A ot Incidence fo fuseloge
(Tyoical) . I;oaf cﬁc;hord 25°
ip chord L5
az% - Dihedral oo
505°~ Alrfoil section paroliel
' fo free stream. NACA 65-108
~ ] Reference cenferfine
' g
) Clegroncé =
LAERRANAUANANEARNANNRNNNARY : 6
AN — £650 — Bump surface -
6‘48'.9 A A
Cenlerline of balance — r— 0412
13266
g 2 | W

Maximum digmeter —., ~& | | .
—\i I | // All dimensions in inches.

Figure l.- Gensral arrangement of %- scale model of the X-1 girplane
wing~fuselage combination.
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Figure 2.- Additional twist of damping-in-roll model.




1T

-3

n

Vertical distance
above bump, in.

n

e

Vertical distance

obove bump, in.

| L— T4 .84 B —
.85 ]
e T
""er e B I e it ' !
T — 77 _| -——L-“"
—— — 'S — —
— .79 ] —
AT EmEs,
] L A =
10 12 4 i6 18 0 6 1z i4
boundary -layer thickness
M=99 M= LIS
6 —
B O Ut s o e S S e
—T_ 1| — 95 g S P S B =
JJ ll 'g'?‘“‘ 4_:.?3/ﬁ____: ﬁ ,//"
| ' ¥ . I.Il —/."’ / /'/,
H — 95| R s s o e 5 O e
— 101 //‘1//!’/ 11
—= ! _..——-f'—l.OZ—" 2 o —
"] /ﬁ___i_q_oz, /:L/it/ -
- = | ] —_ -
__.a«——jj' c '-°|4 A ,«
g — .y 0
10 12 4 16 18 8 10 12 14 _
Station on bump, in. Station en bump, in. W

Flgure 3.- Typical Mach nuwber contours over transonic bump in region of
model locatlon.

2200CT HWE YOVN




NACA RM L50C22 . af— B 15

10x10°*
fod .8 //_;Z:L/ A7 >
- P //L%w — —
1 o << ¥
-qé 6 ,/zg/ g/\ «(ﬁ«ﬁﬁ
= g/f%f««
(72} <<<
3 4
Q
=
>
T 2
NACA,
0 A
S 6 7 8 9 10 LI L2

Mach number, M

Figure L4.- Variation of Reynolds number with test Mach number through
the transonic speed range.
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Figure 6.- Variation of aileron effectiveness with angle of atteck
and Mach number.
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Aileron rolling-moment coefficientCy
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Figure 6.- Concluded.
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Flgure T.- Effect of Mach mmber and angle of attack on the alleron
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Figure 9.- Variation of damping-in-roll coefficient with Mach number
as determined from tests of a twisted wing.
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Figure 11.- Comparieon of estimeted values of ﬂ;jﬂf with those obtailned
a

from flight tests at Cy, = 0.23.

e

2
-
2
3
3
8




Lift-curve slope, Gy ,

s 5

o

Q
™

&
(o))

Scale  Tunnel

Airfoil

Mach number, M

Figure 12.- Comparison of lift-curve glopes.

thickness Ref
|I/28 bump 08
® %4  T7wi0 10 unpublished
—————— '(40 bump .08  unpubiished
— e theory .08 2
/t
e 4.5 // X
/ N
- :r;:%::'/': —
b,;—'ﬁ:’;x il }n‘\k /”\‘ \\‘Lx1
ARENS
@
3 4 S5 o s .8 9 1O L1 2

. 2T0GT WH YOVN

0w
\Ji




o6 NACA RM L50022

2 .
CL
[ ~ o
-;*“==§%§/ \ A= 22
dCm A | L a0
ac, \ K /
K=
o e
6 7 8 9 To T 1.2

Mach number, M

Flgure 13.- Effect of 1ift on de/dCL for the model wing-fuselage
combination. Center of gravity at 0.25 mean aerodynemic chord.
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Center of gravity at 0.236 mean aerodynamic chord.
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Figure 15.- Variation of pitching-moment coefficient with Mach mmber for

the wing-fuselsge combination at Cr, = 0.22.
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Figure 16.- Variation of leteral cenmter of pressure of wing-fuselage
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cambination with Mach number.
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